Mutants of bacteriophage oe inducing only 1 to 5% of wild-type levels of dTTP-dUTP nucleotidohydrolase give normal bursts of viable progeny phage whose DNA contains 5 to 10% thymine (but no uracil) in place of 5-hydroxymethyluracil. The relative heat lability of one phage mutant enzyme solubilized from the membrane fraction of infected cells suggests that a oe gene codes for the induced dTTPase-dUTPase.
dTTP-dUTP nucleotidohydrolase give normal bursts of viable progeny phage whose DNA contains 5 to 10% thymine (but no uracil) in place of 5-hydroxymethyluracil. The relative heat lability of one phage mutant enzyme solubilized from the membrane fraction of infected cells suggests that a oe gene codes for the induced dTTPase-dUTPase.
oe is one of a group of Bacillus subtilis bacteriophages, unique because its DNA contains the unusual base 5-hydroxymethyluracil (HMU) rather than thymine (10) . The HMU-DNA B. subtilis phages are similar in morphology, size, and DNA content (12) to the Escherichia coli T-even phages whose DNA contains 5-hydroxymethylcytosine rather than cytosine (14) . Like the T-even phages, phage oe induces several proteins early after infection, apparently to alter the host's deoxyribonucleotide metabolism to allow the synthesis of oe HMU-containing DNA and to prevent the synthesis of DNA containing thymine or uracil. One of these proteins, dTTPase-dUTPase, catalyzes the hydrolysis of dTTP and dUTP to their respective monophosphates and pyrophosphates (L. T.
Dunham, Ph.D. thesis, Univ. of Michigan, Ann Arbor, 1973; 8) . This enzyme is presumably important for the operation of the following pathways in oe-infected cells (8, 10) : heat labile because of an altered interaction with the membrane, we solubilized the km3 enzyme from the membrane fraction (Fig. 1) .
The partially purified Om3 dTTPase-dUTPase was unstable to preincubation at 50 C (Dunham, Ph.D. thesis) and showed a temperature optimum of 30 to 35 C, considerably lower than that of the oe+ enzyme (Fig. 1) . This supports Roscoe's conclusion (8) that a structural gene for the oe nucleotidohydrolase is located on the phage genome, although the presence of hostcoded subunits has not been excluded. Mutant Om2 was isolated (8) from the same screening as Om3. In confirmation of Roscoe's results (8), we found that Om2 induces 35% of normal dTTPase-dUTPase activity during infection at 37 C, but less than 5% at 45 C ( Table   1 ). The Om2 and Oe+ enzyme are both stable during preincubation of extracts at 50 C (Dunham, Ph.D. thesis; 8) or solubilized fractions (Dunham, Ph.D. thesis), and both enzymes have a temperature optimum of 40 to 50 C (Fig.  1) . Furthermore, the low residual activity induced by om2 at 45 C has the same purification properties, molecular weight on Bio Gel A5m (100,000), and substrate concentration depend- determined (Table 1) . Each DNA gave a single sharp UV-absorbing peak in the analytical ultracentrifuge. The substitution of thymine for HMU was calculated from the shift in buoyant density to be 10% for 4m2 DNA and 7.5% for sus5-18R DNA from infections at 45 C. Enzymatic hydrolysis of the DNAs confirmed the level of thymidine substitution calculated from the density determinations, although the detection of low levels of thymidine is difficult (Dunham, Ph.D. thesis). Acid hydrolysis to the free bases cannot be used since acid degrades some HMU to thymine (11) . The uracil content of the phage DNAs was examined directly by acid and enzymatic hydrolysis (Dunham, Ph.D. thesis). Neither uracil nor deoxyuridine (less than 3% of the HMU content) was detected in any of the DNAs, although it was found in the PBS2-uracil-DNA control (6) . Therefore, the density shifts observed above can be attributed to the presence of thymine alone.
The absence of uracil in phage DNA synthesized by the dUTPase-deficient mutants Om2
and sus5-18R suggests that either the residual 1 to 5% of phage-induced dUTPase activity is sufficient or that some other activity prevents dUTP accumulation and uracil incorporation into phage DNA by the phage DNA polymerase activity (15) . This may reflect the action of the host dUTPase activity ( 
